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1959, with Advanced Systems Division, Air Force Human Resources
Laboratory (AFSC), Wright-Patterson Air Force Base, Ohio 45433,
Major Duncan L. Dieterly, Personnel and Training Requirements
Branch, was the contract monitor.
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SUMMARY

This report describes the results of a historical 1ife cycle cost
analysis of an existing Air Force in-service aircraft, specifically the
C-130E Hercules. In compiling the Life Cycle Cost estimate, existing
data sources were utilized with a current Air Force cost estimating
model. This report is the third of a series of four that will result
from the phase I of a four-phase study; Advanced System for Human
Resources Support of Weapon System Development (Project 1959). The
objective of Project 1959 is to demonstrate the technical feasibility
of a method of reducing the cost of ownership of new weapon systems
to the Afr Force. The C-130E was selected as agreed upon with the
Advanced Manned STOL Transport (AMST) System Program office as an
appropriate system that may have vaiue for the current AMST Program.

PROBLEM

The problem addressed in this task was to perform a historical
1ife cycle cost analysis of the Air Force C-130E aircraft. The life
cycle cost analysis of the Air Force C-130E aircraft. The 1ife cycle
period was defined as the past fifteen years (1962-1976), utilizing
existing data that were co]lected and analyzed in the prior tasks.
Reference AFHRL-TR-77-40, andkAFHRL-TR-77-48, for the descrip-
r tasks.

APPROACH

The approach to this task was to use the existing USAF Cost
Analysis and Cost Estimating (CACE) model as outlined in AFR 173-10[3>,
Cost Analysis - USAF Cost and Planning Factors, modified as necessary
for this task and to utilize the historical data previcusly collected
in prior tasks as described in references 1 and 2 above. Subtasks
performed are:

0 ldentify/structure LCC categories and elements by life
cycle phases.

0 Compare identified LCC categories and elements with the
USAF CACE model.

Develop required supplemental techniques and values.

Refine data inputs.

Develop modeling techniques.

Compute LCC outputs.

Perform LCC analysis.

r ; AFHRL-TR~77-40, C-130E Hercules Aircraft: Review of Published

Literature and Structured Interviews, February 1977.

AFHRL-TR-77-48, Historical Analysis of C-130E Resources, May 1977.

AFR 173-10 , Cost Analysis - USAF Cost and Planning Factors,
Department of the Air Force, 6 February 1975,
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RESULTS AND COMCLUSIONS

The results of this studv show that actual historical data,
along with current existing cost estima ting factors, can be utflized
to approximate the historical Vife cycl @ costs (LCC) of existing Air
Force in-service aircraft. Utilizing Fiftaen years of historical
data, supplemented with planning factor velue results wnere actual
dzta were not acquired, the LCC for the mayor program phases covered
are broken down as follows: - ,

15 Year Total Cost

Life Cycle (In M{1lions) Percent of Total
Phases 1976 § Then Year & 1976 § Then. Year ¢
1. R&D 3.221 2.2587 .04 .05
2. Procurement/

Production 1257.358 838.54 17.07 18.02
3. Operations and

Support 6134.742 3812.346 82.9% 81,93

Total - - - 7395.321 4653.143 100 100

Cost figures and respective pevtentages are shown for both the
base year of 1976 and the "then year" dollar. The major life cycle

_ phases not included were conceptual and disposal. The average number

of C-13(" Aircraft reported by year in the Air Force inventory is the
number of aircraft utilized for the amud operations and support cost
conputations. The average reported posse&ssed aircraft on an annual °
basis was as follows: '

1962 - 11 1967 - 291 W2 - 298
1963 - 83 1968 - 279 1973 - 293
1964 - 226 1969 - 289 974 - 295
1965 - 315 1970 - 304 1975 - 296
1966 - 29§ 1971 - 323 76 - 297

Estimating the historical LCC of ahexisting in-service aircraft
s not an easy process. The major 11ini€ing factor is the accumulation
of valid historical data. Scme of the phblems encountered in this
area were as follows:

1. There is no one data repositovy/system that provides visi-
biTity into weapon system historical cost documentation.

2. Tt becomes necessary first to ldemtify all of the various
repositories and then select, @l lect and piece together the
available information for ek of the specific categories
and elements. :
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3. The predominate USAF policy of retaining historical data for
only short durations (6 to 24 months) has a profound effect
on the ability to collect continuous historical cost
information.

{
Moz i .

4. Existing cost estimating factors must be utilized in areas
where actual data are not available and with no simple method

of validating the factors.

Prior to 1975, there were no actual historical cost data collection
systems in existenc:. In 1975, the Air Force implemented the Operational
Support Cost Reporting (OSCR)} system and the USAF Maintenance Cost
S{stem {MCS) which are both currently being developed. If continued,
these systems will f111 the major data voids in future years for weapon
systems analysis. Both the 0SCR and MCS programs .are discussed in
detail in AFHRL-TR-77-48, "Historical Analysis of C-130E Resources."
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Because so many of the decisions which affect iife cycle cost
are made early in a new weapon system's life, the Air Force needs a cost
data base containing the necessary information to adequately support
those decisions. Such a data base could be developed for other systems
containing information very similar to what has been collected and
presented in this research effort on the C-130E aircraft. As a result
of this study, it is clear that the actual life cycle cost of an Air
Force operational system for a fifteen year period can be calculated,
However the calculated LCC is only an approximation which will vary in
terms of credibility dependent upon data repository information. In
addition it requires a considerable investment in resources to compute
this type of LCC. This is true whether Air Force planning factors or
actual historical data are utilized in the life cycle cost analysis.
This type of analysis should be used as part of the initfal planning
information in the conceptualization of the next generation weapon
system. It provides a baseline from which to proceed in reducing LCC
for the new system before attempting to avoid using the same high
LCC -items in the new system.
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PREFACE

This report was prepared by the Boeing Aerospace Company, Logistics
Support and Services (LS&S), Seattle, Washington, under USAF Contract
F33615-76-C-0062. This contract was Phase I of Project 1959. Work was
accomplished under the direction of the Advanced Systems Division of the
Afr Force Human Resources Laboratory, Air Force Systems Command with
Major Duncan L. Dieterly as the Project Engineer.

Data emanating from Phase I (Work Unit 19590001), “Historical
Analysis of C-130E Life Cycle Costs," are represented in a series of
four reports. Data derived from this study effort, plus those emanating
from the other tasks of this phase of Project 1959, will be weighed in
terms of validity of sources along with an interpretation of the
weightad evidence to indicate a methodology for analysis of the
historical resource utilization of a system. Phase I provides a
unique body of data, which for the first time, attempts to document
the actual 1ife cycle cost of a Weapon System.

Boeing Aerospace program technical leader was George R. Herrold.
Principal program analysts were Frank D. Brown, Gary A. Walker and
David H. Wilson. Boeing's contract report number is D180-19797-5.
This approved technical report includes work performed from 29
June 1976 through 3 June 1977,

The Boeing Aerospace Company wishes to express their appreciation
for the technical assistance and data provied by: 1) USAF Headquarters,
Washington, D.C.; 2) Air Force Systems Command (AFSC), Andrews AFB,
Maryland; 3) AFLC Headquarters, and Aeronautical Systems Division,
Wright-Patterson AFB, Ohio; 4) Military A1rl{ft Command, Scott AFB,
[11inois; §) all CONUS Afrcraft Air Logistics Centers (e.g., San
Antonio ALC, Warner Robins ALC, et al); 6) Air Training Command Head-
quarters, Randolph AFB, Texas; 7) Afr Training Command, Sheppard AFB,
Texas; 8) USAF Occupational Measurement Center, Lackland AFB, Texas;
9) Air Force Inspection and Safety Center, Norton AFB, California
10) 62nd MAW Wing, McChord AFB, Washington; 11) 314th TAW, Little
Rock AFB, Arkansas; and 12) 217th TAW, Pope AFB, North Carolina.
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I - INTRODUCTION

|
|

PURPOSE

R Y

) The Air Force must be able to meet its specified mission require-
-5 ments. To meet these requirements a spectrum of weapon systems must
" be designed, produced, maintained and operated. As the cost of
sophisticated techrology spirals upward, the Air Force planner must be
‘ able to maximize performance while minimizing cost. The crucial
| limiting parameter placed upon the weapon system spectrum is cost.
Currently, it is popular to advocate different methods which provide
the basis for controlling cost; such as cost of owrership and life
cycle cost. All costing technclogies have three aspects in common:
the value of a weapon system is measured in dollars; the computation
of the value is at a fixed point in time; and the function of costing
the system is dependent upon the definition of variables to be
included in the cost.

. il o oniene
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A1l too frequently, after a discrete set of variables has been
agreed upon, as those that will generate the desired cost, it is
determined that no information is available upon which to establish
the dollar value of a variable; therafore the varifable is excluded
or treated as a -~onstant. This is especially evident in those areas
not directly associated with weapon system acquisition. This dilemma
severely hampers the computation of the desired cost and reduces the
probability of making the optimum decision. In order to redress the
deficiency, the Advanced Systems Division of AFHRL has attempted to
{dentify, develop and demonstrate a series of methods to allow for
the inclusion of these variables in cast computations.

Through initial research efforts, it had been estahlished that
1 these variables could be quantified and included in cost analysis.
During the same time frame it was realized that the final cost of a
weapon system was dependent upon five major interacting factors:-
(See Figure 1) a) system design, b) human resources, c¢) material
resources, d) performance required, and e) operating of the system.
In order to impact the cost of a system a change would be necessary
in one of the factors; however, a change in any factor will have )
some impact on the others. Therefore, to adequately analyze the _ {
cost of a weapon system, a c3pahility to model or simulate all five
factors is necessary. As can be seen in the diagram, the 1ife cycle v 4
cost of any weapon system 1s dependent upon the state of not only the 4
: design but the other factors. Any change in a factor will result in !
}

i x AR Me i D A s s o

a new state and resultant LCC estimate. State "A" wilil result in a
different LCC than state "B*. Project 1959 “Advanced System for

Human Resources Support of Weapon System Development," is the first
effort to integrate these factors 1n a single analysis technique

that could be used to evaluate the full ramifications of weapon 1
system design, human rasources, material resources, performance, ]
and operations. 1
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MATERIAL
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STATEA = LCCA
STATEB = LCCB

Figure 1 MAJOR INTERACTING FACTORS

PROJECT 1959 - PURPQSE AND GOALS

The purpose of Project 1959 {s to demonstrate the technical
feasibility of a method for reducing the cost of ownership to the Atr
Force of new waapon systems. The cost expended to maintain certain
human resource configurations is a major contributor to Operations and
Support costs. Consequently, programs aimed at the reduction of human
resource parameter cost can have a significant impact on weapon system

LCC.
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In Project 1959, the Advanced Medium STOL Transport (AMST), being
developed by the Air Force, will be the test case. Existing state-of-
the-art technelogy in training, technical data, and manpower simulation
techniques will be appiied to demonstrating the po’ential for reducing
the human resource support cost of the system. This project will provide
for the inclusion of human resources parameter costs fn engineering design
studies, forecasting and controlling manpower requirements through the
application of systems analysis and computer modeling techniques, im-
proved technical data for maintenance personnel and early {dentification
of training requirements and advanced training techniques appropriate
for the new system., These techniques will be modified as required and
{ntegrated to provide a comprehensive approach to the development of a
cost effective personnel support system for a new weapon system. As a
demonstration, therefore, the techniques will only be applied to a
seperate sub-system and not the total weapon system. The foillowing
four phases will be completed:

I. - Analysis of Resource Utilization of Present Oparaticnal System

This includes the gathering of data tc indicate the level of human
resources used in a similar past weapon system (the C-130E). Life cycle
costing (LCC) is also included in the analysis.

II. - Inteqration and Application of Human Resource Technologies
in Wga n_System EES"I n —oe i =

In this phase five human resources technologies will be applied to
the AMST. The technologies are human resources in design trade-offs,
maintenance manpower modeling, job performance aids, instructional
system design, and system ownership costing. The five main purposes of
this effort to: (a) integrate the five human resource technologies,

(b) demoistrate their coordinated application in a single weapon system
development program, (c) determine ihe specifications for a consolidated
data base serving five technologies, (d) demonstrate the consolidated
data base, and (e) provide documentation for {mpliementing these activities
in future weapon system development programs.

IIl. - Maintenance Personnel Availability Analysis

This research will attempt to estimata the availability of human
resourcas over time interfacing with AMST requirements data. Where
discrepancies occur, alternate procedures will be indicated which will
align human resources expacted to be available with those required.

IV. - Personnel Sub-stteu' Test, Evaluation, and Validation

This study will take the results of other studies and tast, evaluate
and validate them in the field.

This project is directed at reducing the parsonnel support cost of
new systems. Research efforts under the project will demonstrate a
technology for controlling the personnel, training, and manpower require-
ments of new systems without adversely affecting either operational
readiness or system effectiveness. Application of this technology will
Tead to significant reductions in 1ife cycle costs of new systems.
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Although this effort will utili{ze a particular weapon system to
demonstrate the technology four controlling personnel costs, this
technology could be generalized %c & wide spectrum of new systems being
developed in the Air Force and other militavy services. In general
the technology may be used for any type of new equipment being designed
and developed for whatever purpose: military, govermment, ov industrial.

HISTORICAL ANALYSIS OF C-130E LIFE CYCLE COSTS

The purpose of this effort is to establish a historical analysis
of resource utilization of the C-130E Hercules. The analysis includes
both human and material resource utf{iization as indicated from available
records. In accomplishing this analysis a methodology was established
which could be applied to the analysis of other weapon systems. This
methodology includes type of information, possible sources, credibitity
of data, difficulty in reducing data and estimated resources reguired
to perform the analysis. It was anticipated that most historicai data
would be lost because of the demand for current data to solve present
problems without evaluating historical trends. In addition, largz amounts
of data may be available in such a form as to be prohibitive to collect
and process for a computerized system.

Traditionally, when a weapon system is developing through the
acquisition process, estimates are made as to the resources necessary
to support that weapon system. After the system enters the Afr Force
inventory, the control of the human and material resources crosses
several functions and commands. Seldom are the initial estimates
verified or all resources controlled by one level of management.

For example, the provisioning of spares becomes a prime concern of

Air Force Logistics Command, while the manpower requirements are 2
major concern of the using Command. Therefore, once a weapon system

is operational, no single point manager is responsible for the human and
material suppurt of that system. Multiple management generates a
considerable amount of information and i{nformation systems to track and
manage aspects of the weapon system. These sources of information are
dispersed and in various configurations. To attempt to evaluate a
system {n terms of l1ife cycle utilization or reduce that to a life
cycle cost is a complex task. This phase of Project 1959 is designed
tg addrﬁés this problem. Work was planned to be accomplished in

six weeks.

DESCRIPTION OF TASKS

The sequence of the six major tasks suggested by the arrows in
Figure 2 was ac’ually fiexible and dynamic. Much of the work, where
appropriate, was performed in parallel.

2
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Figure 2 HISTORICAL WEAPOW SYSTEMS ANALYSIS
(HWSA} TASK FLOW DIAGRAM

Following {s a brief overview of the actual work required by each
of the six major tasks:

Task I Develop Contract Pertformance Plan

Identify Data Sources and Agericies to be Contacted.
Prepare Study Schedule and Nilestones.

Compiete Contract Performance Plan,

Kickoff Meeting.

Task II Historical Data Review

Tdentify, Obtain and Analyze C-130 (€-i30E Subset
Where Possible) Research and Descriptive Studies
Documentation.

Conduct Structured Interviews.

Publish Formal Technical Report.

Task IIT Air Force Documentation Search and Collection
Ident{fy and Screen Avajlable C-130E Data Files.

Obtain Applicable Experience Data.
Catalog Data Files.
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Tadk IV Data Analysis

Evaluate Data.
Develop Descriptive Statistical Summaries.
Publish Formal Technical Zeport.

Task V Historical Task Analysis

Select Skills for Task Analysis.
identify Tasks for Each Skill.
Develop Task Parameters.

Task VI Life-Cycle Cost Analysis

I R | .‘:j

Coordinate LCC Model Structure and Elements.
Perform LCC Analysis.

Generalize LCC Approach.

Publish Formal Technical Report.

Develop General Data Bank Computer Tape.

Task I was completed in August 1976 and Task I was completed in
December 1976. Tasks III and IV were completed in Aprii 1577 and Task
V was completed in May 1977. TYazk VI was completed in Junz 1977 and is
reported in this document. The final technical report contains a complete
revigw of the entire study, and the historical task amaiysis (Task V)
results.

GENERALIZED LIFE CYCLE COST METHODOLOGY

The results of this 1ife cycle cost analysis research establish a
methodology that could be utilized successfully on other Air Force
w22p0n systems.

The approack and details as discussed in Section II consist of
eight steps summarized ds feliows:

1. Identify cost categories and elements, within each 1{fe
cycle phase to be considered, such as RDT&E, procurement,
and operation and support costs.

2. Compare the identi{fied cost categories and elements with the
standard Air Force CACE model to isolate those categories
and elements not included.

3. Develop supplemental techniques to cover the cost categories
and elements not included in the standard model.

4. Refine historical data into proper input to satisfy model
equations. In addition, for the valuas where historical
datz {s not available, develop estimating factors or alternate
techniques to establish data value.

5. Integrate the basic CACE model and supplemental_techniques.
6. Compute the LCC estimates.
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7. Analyze the LCC outputs.
8. Document the results.

As discussed in detail in other parts of this report, the major .1
limiting factor to successfully perform historical life cycle cost 3
analysis on an existing Air Force operational weapon system is the lack 1
of a valid resource data base and/or system.

SUMMARY

This report is the third in a series of four reports to be com-
pleted under this phase of Project 1959, It describes the work accom-
plished during Task VI of a six-task study to historically analyze the
resource utilization of the C-130E Hercules aircraft.

The approach was to perform a historical life cycle cest of the
Air Force C-130E Hercules aircraft druing the past fifteen years. The
5 historical resources (human and material? utilization data collected

= during prior Tasks provided the baselineé information, and the Air
Force Cost Analysis Cost Estimating (CACE} model, appropriately modi-
fied, was util{zed for computing the C-130E 1life cycle cost for 15
years (1962-1976).

i A _ = Sk

Results produced an estimated historical 1ife cycle cost that
i includes: a) Research and Development, b) Procurement, and c) Operations
t and Support Costs of the Air Force C-130E aircraft for the years of 1962
i through 1976 by year, in both 1976 and “then year" dollars.

A Secetinml el “J)M‘ al -
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Il - C-130E LIFE CYCLE COST AMALYSIS - TASK VI

The term “Life Cycle Cost" is defined-as: "The total cost of a
system over fts full 1ife. It includes the cost of Concepts; Research,
Development, Test, and Evaluatfon (RDT&E); Procurement; Cperations and
Support; and where application, Phase Out or Follow-on.* Figure 3,
“Weapon System Life Cycle Phases and Life Cycle Cost Major Categories,"
reflects a simple direct ralationship between the different life cycle
phases as described {n AFSCP 800-3|§>, and the major cost categories,
as discussed above. As a basis for establishing a structure for the
associated 11fe cycle cost concept, it was assumed that the C-130E
weapon system consisted of the following major weapon system phases.

. LIFE CYCLE COST _
L 1] ‘.-E;
.[ OPERATIONS AND SUPPORT f lmllﬂﬁm
. SENS e NS 9
m S -p & sembemne
CATEGORTES jp PROCUCT TG/ PROCUREMENT ,4/
——
SYSTEN FULL SCALE ] PROOUCTION DEPLOYMENT
PHASES OEVELOPMENT

PHASES NOT COVERED IN THIS STUDY

F{gure 3 WEAPON SYSTEM LIFE CYCLE PHASES AND
LIFE CYCLE COST MAJOR CATEGORIES

(&> AFR 800-11, “Life Cycle Costing," 3 August 1973.
D AFSC Pamphlet 800-3, A Guide for Program Management, 9 April 1976.
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Conceptusl: This first phase in a system 1ife cycle process is
where technical requirements and economic baselines for a program
acquisition process are estublished through comprehensive systems studies
and experimental hardware development and evaluation. Conceptual stages
overlap rathar than occur sequentially; however, flowing from interacting
inputs between the customer and program rianagement, and identifying
nperational needs and technology, generally the following stages occur:

0 Identif#caﬁfon and definition of conceptual systems.
2. Analysig'of scenartos, feasibility, risk, cdst; and trade offs.

3. iﬁxp&rimentatfan'and test of operational requirements key.
components, cwiticgl subsystems and marginal technology.

Validation: This phase {n 2 system 1ife cycle process is where the
ma jor program characteristics {technical, cost and schedule) are vdlidated
through extensive analysfs, trade off studies and hardware development.
The objective s to validatd the aiternatives. I{ 1s rovimally preferred
to rely on hardware development anid evaludtion rather than paper studies.

Hardware development provides a better definition of program character-

istics, higher confidence that risks have been minimized, higher con- §

fidence of a cost-effective system and a greiter confidence in the v

ultimate outcome. - x - - ”g
Full Scale Development: Duriny the develdpment phase, the system, N

including all of the items necessary For its support, is designed, S

fabricated, tested and evaluated. The intended result is a pre-pro-

duction system that closely approximates the final product, that has 5

been experimentally proven to satisfy specified requiraments. OQuiputs
are test results that: a} demonstrate and verify that the production
product will meet stated requirements,and b) provide documentation
necessary to support decisions for entering the production phase.

Production: During this stage, fabrication of the production
configuration system of the selected design takes place. The weapon
system, inciuding training equipment, spares, etc., is produced for
operational deployment. The principal objective of this phase 1s to
produce and deliver to the operating command an effective and supportabie
system at minimum cost. The contract for production of the required
quantitifes is made. Additional R&D for necessary system and component
improvement is carried out. Estimations for initial spares require-
ments are made and special support and training equipment purchased.

Depioyment: In this stage the weapon system is deployed and main-
tained for its primary mission. An fmportant early activity of this
phase is full test of the system. The command using the weapon system
conducts Operational Test and Evaluation (OT4E) to determine its opera-
tfonal capability after the first operating unit has been delivered.

In general, this stage lasts 15 years or more for major weapon systems.
Operational costs include maintenance of support and training equip-
ment, modifications, fuel, munitions, training, support personnel,
spares procurement, and maintenance.
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Disposal: Included in this phase is the removal, disposal, or
conversion rough modifications) of the system to another mission
function.

While the six major phases are somewhat artificial as to how
major systems evolve, they nonetheless convey a chronological sequence
that reasonably typifies the life (birth-to-death) cycle for a weapon
system such as the C~130E Hercules afrcraft. As shown fn Figure 3 the
conceptual and disposal phases were not consigered within the scope
of this effort in that data was unobtainable. The conceptual phase
occurred long Before the time period covered in this study and would
be considered as sunk costs (past investments that cannot be captured)
and the disposal phase s yet to cccur on the C-130E aircraft. There-
fore in this study the RDTAE, procurement, and operatfons and support
cost categaries constitute the historical life cycle cost estimate.

LCC TASK DESCRIPTION

The historical 1ife cycle cost analysfs of this study effort was
accomplished as shown in Figure 4.

10ENTIFY
LCC CATEGORI
ELEMENTS BY | T)
PHASE
REFINED
il ™ ey
DATA <::> AFHRL-TR-
7=
L
Lee c-10¢
» - ouTPUT of C-
COMPUTE VEAPON
LISTINGS sYsTen
woDELING | |
TECHNIQUES

Figure 4. LIFE CYCLE COST ANALYSIS
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CACE MODEL SELECTION

The Air Force standard Cost Analysis Cost Estimating (CACE) model
was selected as the primary method, with adjustments, to be utilized
for this 1ife cycle cost analysis task. The CACE model computes steady
state operuating costs of a squadron of aircraft. Subsequéntly, the
RDT&E and procurement costs had to be incorporated at an appropriate
level manually.

CACE MODEL VERIFICATION

The particular version of the CACE model used was the basic model
as outlined in AFR 173-10 which had been provided by the AMST System
Program Office and was already programmed to run on Boeing computer
equipment. The basic model was reviewed for adequacy as follows:

First - An initial stratification of cost elements desired for
this study was identified, and

Second - These elements were compared with the basic CACE model

to ensure that all categories and elements of cost were included
or could be aasily added either manualily or by slight modifications
to the basic model. Figure 5 reflects the initial stratification
of cost elements. The comparison with the basic CACE model
elements 1s as shown in Table A-1 of Appendix A. The operations
and support categories were well covered by the CACE model;
however, the support investment and acquisition categories were
not included and had to be added.

One of the prime objectives of this study was gaining visibility
into, and improving estimates of human resources operations and support
costs impacts. Therefore, the basic CACE model, suvtably modified,
adequately satisfied the objective.

DEVELOP SUPPLEMENTAL TECHNIQUES

To capture and display the total T-130E elements of life cycle
costs previously discussed, supplemeni:l informational and model
revisions were required. Additional dollar expenditures not captured
by the model were in the areas of research and development, actual
aircraft procurement, pecuiiar support equipment, and training
devices. Each of these areas was handled on an individual basis with
the by-year dollar expenditures, as acquired or derived, being added
to the model results manually. The numerical resuits with discussion
are covered in a later paragraph.

Since the model was designed as a Cost Analysis Cost Estimating
(CACE) tool for life cycle cost exercises at an aircraft squadron
level, and not fleet, as required in this task, amplifications
were necessary.
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0 RESEARCH
0 DEVELOPMENT

QPERATIO... AND SUPPORT

o MILITARY PAY

o CIVILIAN PAY

o AVIATION FUEL

¢ DEPGT LABOR/MATERIAL
o BASE MATERIAL

0 PERMANENT CHANGE OF STATION
o ACQUISITION TRAINING

o BASE MEDICAL SUPPORT

o COMMON SUPPORT EQUIPMENT

o REPLENISHMENT SPARES

o CLASS IV MODIFICATIONS

PROCUREMENT

o UNIT AIRCRAFT
© PECULIAR SUPPORT EQUIPMENT
o TRAINING DEVICES

FIGURE 5 LIFE CYCLE COST CATEGORIES/ELEMENTS
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The basic CACE model was expanded to determine total Q&5 cost for an
aircraft fleet on a specified aircraft life, in years. Additional
refinements included such amenities as geographic location inputs and
data descriptions, various manpower inputs depending on data
availability, and sub-routine requirements; the inciusion of a delivery
schedule input table to cover 15 years; and model acceptance of annual
aircraft deliveries for yearly computations.

COORDINATE MODEL STRUCTURE ELEMENTS

The basic Afr Force CACE model with reffhements was structured
using existing formula elements. Test data files were then constructed
using actual historical data where available. AFR 173-10 Cost Esti-
mating Factors were used in those areas where actual data could not be
obtained. The model was exercised successfully with the 15 year C-130E
operations and support cost data. This basic CACE model structure along
with the appropriate factors was provided to the AFHRL with a recom-
mendation for adding the previously discussed supplemental costs man-
ually to make up the system life cycle cost, and utilizing 1976 as the
base year for the value of the dollar. In addition, to provide a
scenario of the probable doliars expended by the Air Force to own and
operate the C-130E, as well as portraying the erosion of the doilar
buying power, each element was converted to “then year* dollars
using the applicable standard DOD deflator factors. Figure § shows
an overview of the cost categories by 1ife cycle phase that are in-
cluded/not included in this C-130 Life Cycle Cost Analysis.

COMPUTERIZED CACE (FLEET) MODEL TECHNIQUES

To fully implement and execute the CACE model, hereafter referred
to as fleet model since it presents fleet values, specific sequential
steps were necessary. Also, to most efficiently and'effectively mani-
pulate the model, an on-line remote terminal system, connected to an
IBM 370 large scale computer, was used as opposed to batch processing.
This immediate access and execution capability allowed variations in
1nput table data and subsequent model results for analysis.

Two primary data input steps were utilized to execute the fleet
model: a) Imbedding fixed constants within the program, and b) develop-
ment of tables for call-up by the model at execution. Step two was
the major method employed as it allowed greater flexibility to data
input.

The first table developed, referred to as the delivery schedule, was
the sequential monthly introduction of aircraft into the Air Force
inventory as possessed aircraft. The source for these values was the
Air Force Inventory and Status reporting system. This information
presented a unique situation to model acceptance in that decreases

of aircraft occurred occasicnally giving a resultant negative monthly
value. This variance in data was a result of the gain and loss
reporting of the system.
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The second table was the actual model codes and respective
values for the various formulas within the model. Three types of
values made up this table: constants, variables, and location. Con-
stant values remained fixed throughout program manipulations, variables
changed with year or blocks or years, and location specified the
geographical location. For purposes of this study, Continental United
States, CONUS, was used throughout. The effects of these types of
inputs on the results and the specific sub-routines within the model
to handle them are covered in paragraphs under each specific appli-
cable category.

DATA SOURCES AND LIMITATIONS

The information i{dentified, collected, and analyzed in the earlier
tasks was edited and screened for applicable data to satisfy the data
element requirements for this 1ife cycle cost analysis. The "Review
of Published Literature" (see reference|l>) contains an extensive
bibliography of obtained published 1iterature on the C-130 Hercules
aircraft and references to the various sources of that information.

The "Historical Analysis of C-130E Resources" (see Reference(2>),
contains a detailed evaluation of the Air Force C-130 documertation
searched, collected, and evaluated. The evaluation consisted of three
sub-tasks: 1) Development of a data evaluation matrix (Table B-1,
Appendix B) that identifies the various information source(s) and
evaluates the type of information available, 2) development of appli-
cable techniques and actual computer processing of the data collected,
and 3) statistical analyses and presentation of applicable information.

Table B-1 contains the results of analyzing and screening the
data by elements into seven major categories; i.e.: 1) Operations, 2)
Maintenance; 3) Reliability; 4) Safety; 5) Human Resources; 6) Material
Resources, and 7) Cost. In addition, each major category is broken
down into specific data elements and identifies: Source(s), Location,
Type of Data, and Data Quantity/Quality.

A thorough search for USAF C-130E aircraft cost data was conducted
covering the 15 years (1962-1976) of this study. A1l known available
cost data repositories/systems were searched and screened for usable
information to feed the 1ife cycle cost analysis study task. During
the data search, 1t became very clear that actual historical cost
data have notbeen collected and maintained over the 1ife cycle of the
C-130E aircraft.

The principal sources of cost estimating data for the operations
and support cost categories were: 1) The AFM 65-1IOB£a 1-HAF-A1-110-
12 Aircraft Inventory and Utilization Reports; 2) The actual operations
and maintenance manpower data obtained from the operational units visi-
ted; and 3) The cost estimating factors contained in AFR 173-10 (see
Reference 3). Table B-1, Appendix B8, identifies the various data
cife%o:;fs/elements and reflects the quantity and quality of data
obtained.

EE>AFM 65-110, Standard Aerospace Vehicle and Equipment Inventory,
Status and Utilization Reporting, 1 October 1973.




‘* The lack of valid historical cost data as discussed {n the

N *Historical Analysis of C-~130E Resources," (Reference[?>) was a major
lim{ting factor in this analysis. During the attempt to accumulate
C-130E historical cost data and/or other data required to generate
costs, the following problems were enccuntered:

1.

‘ 20

There is no one data repository/system that provides visi-
bility into weapon system historical cost documentation.

It becomes necessary to first identify all of the various
repositories and then to select, collect, and piece to-
gether the {nformation from each for the specific category
and data element.

Some data repositories do not have large mechanized systems
and have only one document on file (usually hard copy). This
results 1n a time-consuming effort for review and reproduction
or frequently reduces or eliminates the possibility of
acquiring needed information. Along these same lines,

future study i{nvestigators will find data repositories that
have copious documents, listings, reports that can be
borrowed. Then they will require either laborious data
extraction, or disassembly - reproduction - assembly and
return to the home office which requires significant manhours
for accomplishments. For example, the 1-HAF-A1-110-12
reports which make up a complete set of operations data

had to be extracted from 180 monthly listings obtained from
two different sources for the 15 year period.

The predominate USAF policy of retraining historical data
for only short durations (6 to 24 months?. or as in most
cases (6 to 12 months) prior to purge, has had a profound
effect on the ability to get continuous historical cost
information.

RDT&E Cost - Research, Development, Test and Evaluation costs
for the C-130E aircraft were non-existent within the applicable
data repositories searched. The only C-130 RDTEE documented
cost information available was located in T.0. oo-zs-gg32>,
including revisions back through the 1972 issue. T.0., 00-25-
30 reflects prorated R&D costs for the C-130A, B, and D models
only. The T.0. does not contain any R&D costs against the
C-130E 1n the specfiic or prorated areas, and it is stated in
the T7.0. that: *"Certain older systems may not include R&D
costs due to nonavailability of information.' In addition,

most of the C-130 RDT3E expenditurcs were completed early in the

C-130 developmeni program, which was prior to the 1962 time
period of this study. Consequently the R&D unit cost per
afrcraft of $5600 1s the prorated R&D cost for C-130A, 8,
ang D models (only), and 1t was assumed to be the same for the
C-130E.

> 1.0. 00-25-30, Unit Costs of Aircraft, Guided Missiles, and Engines,
30 Jure 197F.

© e ————— -
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6.

7.

Alrcraft Procurement Cost - Procurement costs for the Air
Force C~130E aircraft were obtained from twe different sources:
a) ASD cost histories maintained at ASD/CSEH/HO, Wright-
Pattarson Air Force Base contained some documented procure-
ment costs on the C-130E .gircraft for the early initial pro-
duction years (1961 through 1964), and b) aircraft procure-
manit costs for Tater years (1968, 1969, 1970 and 1972)
production airc¢raft were obtained from T.0. 00-25-30 using
applicable revisions for each specific year. The number of

. suttion aircraft by year was detarmined by &suming the
- .rraft serial number to be the production yesr, and all
aircraft with 1961 through 1964 serial numbers were reflected
{a the 1962 through 1965 time period because the first USAF
C-130E possessed inventory aircraft was in 1962 and first
flight of the C-130E was in April of 1962. The follow-on
production aircraft were reflectad in the actuial year of the
aircraft serifal numbers. The C-130E average unit cost per
aircraft over the 15 year time period (8 years of production
aircraft) reflected $2.0 million which was assumed to be the
airgr?{t unit cost and is broken down in the detail available
as follows:

Average Unit Cost 1962-1972
Per Aircraft $ In Millions
Airframe 1.31
Propulsion .48
Other Systems .21
Total Aircraft - == « = - - $2.0 (Then Year)

The number of production aircraft (USAF procurement) was
determined utilizing the serial numbers as discussed above
for each year and results were as fellows:

1961 - 15 1968 - 17
1962 - 83 1969 - 19
1963 - 143 1970 - 18
1964 - 96 1972 - 12

Other Procurement Cost - The ASD cost histories contained ,
some C-130E peculiar support equipment and training devices
costs for the 1962 through 1964 time period. In addition,
the only ether C-130E procurement cost that could be located
was the class V modification costs as outlined in T7.0. 00-
25-30 starting with the 1972 issue.

HISTORICAL LIFE CYCLE COSTS - C-130E FLEET

The CACE model was initially developed to provide the cost
analysis community with a vehicle having the flexibility to conduct
research into new factor development and cost estimating tecliniques.
It {s this flexibility that has been amplified and refined to fit the
LCC requirements of this task and present a historical 15-year profile
of the C-130E Hercules aircraft. Basically this LCC s
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achfeved By not assemdling costs via DOD appropriation budget codes but
under & f{nite "Guilding Block" concept. Costs are built up/accumulated
{nto major cost areas as follows: recurring fnvestmsnt and miscel-
laneous logistics; pay and allowances; base operating support and real
property management support for major force program; medical; personnel
support; and pipeline costs.

It was realized that the cost data used in this 1ife cycle cost
analysis would not be those used by designers and/or logfsticians for
assassing 1ife cycle cost of specific subsystems or components, because
the CACE model is not indentured down to that level of detail. The
CACE model provides estimated 0&S costs at the airplane (weapon system)
level. However, this type of cost data could normally be used in most
weapon system cost tradeoff {ssues and decisions occurring early in a new
program development process, where the lack of actual data is 1imited.
This {s where the designer and/or logisticians can minimize the life
cycle costs related to Auman and material resources utilization based
on support structure policy decisions.

CACE FLEET MODEL EQUATIONS AND FACTORS

Each of *ha major areas {n the CACE model {s an accumulation of
building Blocks of definitive cost elements experssed as model relation-
ships or equations. Table C~1, Appencix C, "CACE (Fleet) Model Equations
and Factors," shows each of the major cost areas, specific building blocks,
respectfve equatfons, type file, source, factor, and remarks. In
addftion, for ease in interpretatfon of the equations and their re-
spective elements, Table C-2 presents each in numerical model code
sequénce. Each code descriptor, unit of measure, type file, and values
used (constants/variables) is reflected.

LIFE CYCLE COST DISTRIBUTION BY YEAR (1962-1976)

The results of exercising the computerized CACE (Fleet) model for
operations and support costs and manually adding the research, develop-
ment, and procurement costs are shown in Table 1, "C-130E Fifteen Year
Life Cycle Cost." Presentation of the twelve major operational and
support categories reflected is the resultant logical grouping of the
CACE fleet model elements (equations) as depicted in Table 1.

The 1ife cycle cost results were all calculated and displayed by
year, 1962 through 1976, in 1976 dollars. The standard Air Force yearly
deflator factors for each category were then applied to show the “then
year" dollar expenditura estimates. Yearly totals are shown for 04S and
Research, Development and Procurement; 15 year totals for each categery;
along with grand totals for both types of dollars.

GROUND RULES AND ASSUMPTIONS

As with any presentation of expenditure figures, questions are
imminent as to the ground rules and assumptions used. These guidelines
and a discussion of the model sub-routines with respect to the appli-
cable cost areas presented are covered in the following paragraphs.

:
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OPERATIONS AND SUPPORT QOSTS

Military Pay: Determination of military pay was a direct computation
using both actual acquired values for maintenance PPE officers and afr-
men and planning faetors for the remaining types of personnel.

Civilian Pay: This pay was generated using actual data for mainte-

2 nance and planning factors for the remaining areas. It should be noted

¢ this category covers base only and not depot. Depot labor is ~overed under
P the depot maintenance category. .

P Aviation Fuel: Planning factor of $289 per flying hour was utilized
- for 1976, and for prior years the actual planning factors ($/FH) were
L used for each specific year from available revisions to the planning
; factor guides. The ($/FH) factors ranged from ($78/FH) in 1962 to
($345/FH) in 1975. Each specific year value was then escalated to 1976
dollars for the model computation.

Depot Maintenance: Actual C-130 depot level labor and material
dollar values obtained from AFLC RCS report: HAF-ACM(A)7109, “Depot
Maintenance Cost Factors Report" for the years 1969 through 1975
were utilized. The dollar base values for 1962 through 1965.were assumed
to be the same as 1969 and 1976 was assumed to be the same as 1975.

The actual values were then escalated in 1976 dollars for each specific
, year using the appropriate escalation factor for labor and material
' ‘ respectively.

Base/Medical Suggort: Primarily this category consisted of the

) manpower caliculation for use {n the BOS/RPM support cost. The fleet

¥ l mode] has the capability of computing these values one of four ways
depending on the data availability. The model will compute total

: manpower if: a) the maintenance manhour per flying hdur, or b} just the

| maintenance manpower, or c) each element is provided. Also, if only PPE

| manpower is provided, the model will compute BOS and medical costs for
use in the total. This last methos was ‘used in this task as actual
PPE was known.

; RESEARCH AND DEVELOPMENT COSTS

|
|
|

The research and development cost factor of $5600 per aircraft
purchased, was utilized for the R&D category inciuded in this study.
RDT&E costs were nonexistent within the applicable data repositories
searched. * The only R&D costs that could be located were those contained
in T.0. 00-25-30 (see Reference []>).

PROCUREMENT COSTS

Y T

Aircraft procurement: The aircraft procurement costs were acquired
from two different sources: 1)} ASD cost histories contained documented
procurement costs for the early aircraft production years (1961-1964),
including those costs for purchased peculiar support equipment and train-
: ing devices; and 2) 7.0. 00-25-30 was utilized for the 1968, 1969, 1970,
1 and 1972 aircraft production years, The applicable revisions to the T.0.
g for each year were researched and the vaiues for the corresponding




i

-

R

specific year were utilized. The number of production aircraft by year -
was determined by assuming the aircraft serial number to be the pro-

duction year, and all aircraft with 1961 through 1964 serial numbers

were reflected in the 1962 through 1965 time period because the first USAF

C-130E inventory reported afrcraft was in 1962 and the yearly inven-

tories reported in 1952 through 1965 closely resembied the cumulative

total of aircraft by serifal number year of 1961 through 1964.
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111 - GENERAL DISCUSSION

This section describes the process and results'of performing a
historical life cycle cost analysis on the Air Force C-130E aircraft
for the past fifteen vears (1962-1976), utilizing existing data that

re collected and analyze1?;p prior tasks. Reference AFHRL~-TR-77-40,

and AFHRL-TR-77-48, contain the description and results of
these tasks.

The primary tool utilized was the ‘existing Air Force CACE model
modified and executed to a total fleet configuration via a remote
terminal on-line system connected to a large scale IBM 370 computer.
Normally the CACE model computes at a squadron level requiring manual
computations to arrive at a fleet level. Of the three primary life
cycle phases covered in this effort, the modei computed and displayed
the Operations and Support, whereas Research and Development (R&D),
and Procurement/Production were determined and added manuaily. Dollar

results 1n both 1976 and "then year" along with respective percentages
are shown in Figure 7.

15 Year Total Cost

Life Cycle (In Millions) Percent of Total
Phases 1976 § Then Year § 1976 § Then Year $
(1) R&D 3.221 2.257 .04 .05
(2) Procurement/ 1257.358 838.540 17.00 18.02
Production
(3) Operations and 6134.742 3812. 346 82.95 81.93
Support
TOTAL 7395.321 4653,143 100 100

FIGURE 7 C-130E LIFE CYCLE COST BY PHASE

A detailed breakdown of these three phases intc their respective
categories and the percent each is of the total €-130E LCC is shown in
Figure 8. The phase division category grouping in this figure was
such that Research and Development stood alone, Procurement/Production
encompassed aircraft procurement, peculiar support equipment, and
training devices, with the remainder covered under Operations and
Support. The top four dollar consumers, (military pay, depot mainte-
nance, aircraft procurement, and aviation fuel) accounted for 80.5%
of the total 15 year estimated expenditures. Since Operations and
Support 1s by far the major phase, with over 82% of the total

LCC cost, Figure 9 1{liustrates the percentages each category contributed

to total Operations and Support. The major categories: military pay,
depot maintenance (68% labor, 32% material), and aviation fuel account-
ed for over 77 percent. The percentage distributions shown in Figures

8 and 9 are applicable to both 1976 and “then year" dollars. Measured

in dollars the values are significantly different, but the percentage
difference is not significant.
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(MATERIAL 8.7%) "™,

BASE MATERIAL (2.4%)
BASE/MEDICAL SUPPORT (1.9%)
COMMON SUPPORT EQUIPMENT (.3%)
PECULIAR SUPPORT EQUIPMENT (.2%)

AVIATION FUEL

CQUISITI
RAINING
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RMANEN
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STATIO
4.4%

MILITARY PAY
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AIRCRAFT PROCUREMENT
(16.9%)

\-—-REPLENISHMENT SPARES (3.2%)
CIVILIAN PAY (1.4%)

FIGURE 8
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w=CLASS IV MODIFICATIONS {.7%)
TRAINING DEVICES (.4%)

RESEARCH AND DEVELOPMENT (.1%)

C-130E TOTAL 15 YEAR LIFE CYCLE COST BY MAJOR CATEGORY
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DEPOT MAINTENANCE
(33.1%)

MILITARY PAY
(35.7%)
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ik T (LABOR 22.5%)
* o
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~l~.~

(MATERIAL 10.6%)

;

AVIATION FUEL | -;g

(8.52) ACQUISITION :

4

:

BASE/MEDICAL SUPPORT (2.4) 4/ /°  "\\\=CLASS IV MODIFICATIONS (0.8)
CIVILIAN PAY (1.7) - COMMON SUPPORT EQUIPMENT (0.4)
{

FIGURE 9  C-130E OPERATIONS AND SUPPORT 15 YEAR COSTS BY MAJOR CATEGORY ;
_s
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To vividly nortray the affect of each Operations and Support cate-
gory with respect to each other and how they varied with time, Figure 10
plots the respective cost values in 1976 dollars by year of operations.
The tmpact of depot TCTO/modifications, the fuel crisis, and ever in-
creasing personnel pay 1s clearly demonstrated in this figure.

Figures 11 and 12 depict the LCC costs for both 1976 base year
dollars and “then year* dollars respectively versus the 15 years of oper-
ation. Although in 1976 base year dollars the general trend of experi-
ence 1s downward, as shown in Figure 1I, in actuality the expenditure
trend is increasing as shown in Figure 12. This trend is more vividly
portrayed when Operations and Support costs and utilization is plotted
against the 15 years of operation. This trend has added significance
when viewed with the dramatic decrease in utilization shown in Figure 13.
Further amplification of the cost increase is displayed in Figure 14
where the dollars per flying hour by year has been plotted. The most
significant impact of the previsouly discussed major cost drivers;
military pay, depot maintenance, and aviation fuel are shown in the
rapidly increasing "then year" dollars per flying hour.
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IV _CONCLUSION

SYNOPSIS

This report describes the work accomplished under the final task,
of a six task study to: "historically analyze the resource utilization
profiles of the Air Force C-130E." The purpose of Task VI was to
determine the historical 1ife cycle cost of the C-130E over the past
fifteen years (1962-1976), utilizing the data collected during the
prs:?ous Tasks II thru V efforts and the current Air Force CACE
m

The objectives of Task VI were: a) to identify the required cost
categories and elements in the various 1ife cycle phases; b) compare
identified cost categories with the CACE model, c) develop supplemental
techniques for the phases and categories not covered by the CACE model,

d) refine the necessary input data collected during previous tasks; and

e) compute the fifteen year life cycle cost by year, using 1976 as the
base year for dollars, and computing “then year" dollars utilizing the
standard Air Force deflator factors, as applicable for each cost category.

Results of the work accomplished during this Task VI effort and
included in this report are: a) the best estimate of fifteen year.
(1962-1976) life cycle cost of the Air Force C-130FE aircraft that includes
research and development costs, procurement costs, and operations and
support costs, b) description of the proceduves utilized to assemble
the required historical input data and techniques, and ) generalized
methodology for performing historical life cycle cost analysis on other
Air Force weapon systems.

PROBLEMS

o The general policy of USAF agencies to minimize historical data
files, retaining data for short time periods only, as welil as
not having 2 central weanon system cost data repository had
a profound affect on analytical results. Extrapolative and
factored analytical results are always “second best" when

attempting to evolve quantitative weapon system cost histories.

e In some cases, data requested were either not delivered or made
available or sometimes arrived too late for analysis. This
precluded quantitative compilation of meaningful, accurate
historical profiles for some cost categories.

o Considerable difficulty was encountered in sorting C-130E data
from gross data on the C-130 MDS. This was especially true in
the research ard development and prucurement cost categories,
along with several of the operations and support cost categeries
such as: depot costs and base level material consumption costs.

e Conflicting sources of data (the number of procured versus
reported possessed C-130E aircraft per year from 1962-1976),
obviated or attenuated analytical progress. In some cases
these conflicts could not be satisfactorily resolved.

39
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e Compilaticn of fragmented and/or discontinuous data resulted
in formulation of some scattered, discontinuous historical
cost analysis results.

Most of the difficulties encountered were resolved through exten-
sive conference telephone conversations with key personnel located with-
in the multitude of USAF agencies visited by Boeing investigators.

Data source summaries, compiled during field trips, served as an excel-
lant “yellow page" directory for additional follow-up when conflicts

or other difficulties were encountered. Conflicting data probiems

were primarily resolved via engineering judgment or by direct contact
with the originating USAF agency(ies).

RECOMMENDATIONS

¢ The Air Force should develop and implement an integrated
historical data repository to accumulate and maintain the
categories of data, by weapon system, required to perform
historical life cycle cost analysis on existing systems, and for
assisting in accomplishing cost trade studies during new weapon
system development programs. Such a data repository would be
beneficial in identifying system 1ife cycle cost drivers
and implementing necessary improvements.

o In the interium,until the ultimate historical data repository
can be developed, additional data bases of historical life cycle
cost on other selected Air Force weapon systems should be de-
veloped in a manner similar to that accomplished in this study
on the C-130E aircraft.

¢ Nineteen of the 27 CACE model formulae deal directly with
human resource categories (e.g., military pay, civilian pay,
permanent change of station (PCS) costs, etc.). Further,
60.5% of the C-130E total 1ife cycle cost by major category
is directly attributable to human resources. It mattérs
1ittle from a cost standpoint if hardware reliability is
improved several times if related manpower attenuator
changes are not made. Concept and design innovations in-
cluded in new systems to improve hardware utilization, mus$
be accompanied by related changes in the human support needs.
It 1s recommended that the real cost drivers in weapon
systems be ranked in order of most to least costly and that
this rank order serve as the priority upon which future Air
Force weapon system decisions are based.

L
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GLOSSARY OF ABBREVIATIONS

ADVANCED MEDIUM STOL TRANSPORT
AIR FORCE REGULATION

AIR FORCE HUMAN RESOURCES LABORATORY
AIR FORCE LOGISTICS COMMAND
AIR FORCE SYSTEMS COMMAND

AIR FORCE BASE

AIR LOGISTIC CENTER

AIR FORCE

AIR FORCE MANUAL

AUTOMATIC DATA PROCESSING
AERONAUTICAL SYSTEMS DIVISION
AIRCRAFT

AEROSPACE GROUND EQUIPMENT
AIRMAN

AIRMAN MAN YEAR

BASE LEVEL INFORMATION SYSTEM
BASE OPERATING SYSTEM

COST ANALYSIS AMD COST ESTIMATING
CREW RATIO

DEPARTMENT OF DEFENSE
DEPOT MAINTENANCE

FLIGHT HOUR
FACTOR

HISTORICAL WEAPON SYSTEM ANALYSIS
HEADQUARTERS

LOGISTICS SUPPORT AND SERVICES
INTERNATIONAL BUSINESS MACHINE

LIFE CYCLE COST

MILITARY AIRLIFT WING
MAINTENANCE DATA COLLECTION
MODIFICATION

MODEL /DESIGN/SERIES

MAN YEAR

MARGINAL MAN YEAR

MEDICAL

NUMBER
OPERATIONAL TEST AND EVALUATION
OFFICER MAN YEAR

QVERSEAS
OPERATIONS AND SUPPORT
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POL
PCS
PPE
P&A

RDT&E

RPM
REP

S.E.
SqD
STOL
TR
TAW
T&E
T7.0.
USAF

UR
UPT

WRM
YR
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GLOSSARY OF ABBREVIATIONS (Cont.)

PETROLEUM, OIL AND LUBRICANTS
PERMANENT CHANGE OF STATION
PRIMARY PROGRAM ELEMENT

PAY AND ALLOWANCES

RESEARCH, DEVELOPMENT, TEST AND EVALUATION
RESEARCH AND DEVELOPMENT

REAL PROPERTY MAINTENANCE

REPLENISHMENT

SUPPORT EQUIPMENT
SQUADRON
SHORT TAKEOFF AND LANDING

TECHNICAL REPORT
TACTICAL AIRLIFT WING
TEST AND EVALUATION
TECHNICAL ORDER

UNITED STATES AIR FORCE
UNIT EQUIPMENT
UTILIZATION RATE

UNDER PILOT TRAINING
WAR READINESS MATERIAL

YEAR

T R - VR Ru g o B

e b o i s B o

. k ; o . LT e .



APPENDIX A

COMPARISON OF THE INITIAL STRATIFICATION
OF COST ELEMENTS
WITH AIR FORCE CACE MODEL
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Table A1 INITIAL STRATIFICATION OF COST ELEMENTS

Cost Elements
I. Operations and Recurring Support

A.

c.

Logistics Support

1.

9-

Maintenance Manpower

a. Organfzation

b. Intermediate

c. Depot

Maintenance Material

a. Organization

5. Intermediate

¢c. Depot

Systems Management

Second Destinatfon Transportation
Technical Documentation Update
Replacement of Reparable Spares
Recurring Modifications
Replacement of Common Support Equipment

ADP Software Modifications

Unit Operations

1.

2.

Manpower

a. Combat Command Staff
b. Afrcrew
c. Munitions

Aviatfon POL

Untt Operating Support

e
2.
3.

Unit Services Manpower
Security

Miscellaneous Support

45

Elements Included

In Basic CACE Model

Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
N/A
Yes
Yes ,
Yes

Yes

Yes




2. Permanent Change of Stations (PCS)

1
% Cost Elements

% D. Personnel Support

§ 1. Recruit/Technical Training Manpower
f a. General

i b. Peculiar

i

3. Medical Manpower
' 4. Medical Materiel

§ 5. Miscellaneous Personne!l

6. Undergrad Pilot/Navigation Training
? IT. Support Investment
i A. Initial Provisioning
1. Reparable Spares
X 2. Consumable Material
3. War Readiness Material (WRM)
B. Support Equipment

1. Peculiar

a. Organization
b, Intarmediate

¢. Depot
2. Common

a. Organization
b. Intermediate
¢. Depot

C. Documentation
D. FPacilities (Includes Utilities)

46
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Table A-1 INITIAL STRATIFICATION OF COST ELEMENTS (continued)

Elements Included

In Basic CACE Model

Yes

Yes

Yes
Yes
Yes
Yes

Yes

No
No
No
N/A

No
No
No
No
No
No
No
No

No
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Table A-1 INITIAL STRATIFICATION OF COST ELEMENTS (continued)

Cost Elemgnts
E. Training

1.
2.
3.

Devices
Facilities

Courses, etc.

F. ADP Software

III. Acquisition
A. RDT&E
B. System Investment (Noa-Recurring)

1.
2.
3.
4.
5.

B TR

Unit Atrcraft
Modifications

Training Equipment
Peculiar Support Equipment
Other

47

Elements Included

In Basic CACE Model

No
No
No
No
No
No
No
No
No
No
No
No

No

]
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APPENDIX B
DATA EVALUATION MATRIX

T e

R abi b i o




AT T, TS R R Ty Y A T L ARl Soe e o b RN 1 T

AONUSIN SO SIROM 21 NEVISESH i SL6t - OMI1SKT SITI/XM 1-95 WiV M ‘edv 3404

NI SLIEG L Y tin tvnol 8y
-1 HIVI WON{ AMIVIRO 20 IS 96t - oNILS1Y ST/ 1-99 WiV | “€dv 200% FiLLl1

CIVO 1504818 TR 317 WO 961 - NSt SITE/J0M 1-99 WiV ] WA 24V GUOHIN

siiwn z0¢1-3

SISATVIRY NOJ NOI LYNND1.4400 VIV
Fivah3av 31aVNI 01 RISST
FAVHO0%4 3ShOI-N] 90 3Sn oD

S 1WN03 w0039 JiSve t-99

TRNON KI OXITAORE T VIVIN O76T-T4613501°608'S 30¥L | S1¥0434 SITNIS 9500 0540 “Wivan A/ THY
VIV IMAEIINIW 2
aMIVI0 & - - - - - - 1L oNnowy g
THIVIN0 1 - - - - - - amio -
007 1NN WY A9 O
SINGAV JAIVIETED SIWHINIT
: oL OMIIW T3 OL a3 vivel9s6t-tss1fsst eee's 3L | Si¥0dI S3IiWIS 9500 0IH0 *e3vn AN/ TV IONVNILNIW -
! aHivian - - - - - - SNo11ve3d0 - “.
:SLU0OY LIVENIY
; . 3ivy ¥0 -
3 . 31V SHAOM -
- 2ive 1M -
. SINIOEYY Wiy -
| * PLoN31 HOISSIN FVNIAY -
b {oW/11¥/M3)
& . WOLIVZITIAN 1 VUNIY -
‘ {mmost/om AS)
. ML 1914 WOk -
0T E7041X7
G0N LIVEISEY J¥SA 1T, v (z1-o11
L ONIKIVINGD Siund3¥ SMLRM 8] -01-3¢61] o061 AJ03 QUM [-1v-fvn-1) OLL-S9 W3Y 01MD ‘SN WOV 1aveNiyY 0 M -
=B L e TUE ]
L 9310038 LSy dvse 1 {at-ot1 *SOTIY SV Vive
GNERIVINGD SLNDJTE AMIMOM selest-2961f  cort 4207 axem |-1v-4vN-1) OLL-59 sisv oI “LIvin oouv] WLVITHAR Livewy
VIV SHOEIVEIG 1
SISUN sy | smgoTe | {s)moe 1114 vI¥G %0
w7 VIV YV 40 3l 1LY AMTIV/STHN0S | ¥IVY 29 SINIMITI/AN00iLV)
X141V NOILVNTVAI Yiva (-8 J78Y1




oy o

ol R

0301A08¢ M 916! WO
QWY NN Y 9{61-796
¥4 SINOS T AAVWES INTSETD oa-uu...ual

SRISS IS0/ SHWVIDTES 35N W
0 30 OWIDL3Y QW S1dvL
WROIR (K] 80 QJIACYS TIH 96t

SSNILSIT

SINn
ANIBIINE/ INIGIOTY

Fil] 2a1encH) S¥1 1500
1500 U034 J1H1 E9EQH

¥) *94y WOLyoH

{935/91) ¥
ALI4VS 3903 W1V

ST -
AN
o

SINIO1IX -

VIVO AL3jvS

WIISAS vive WovF Wond viva| -seel A4 000°szl 2L ViVQ JLVIN) 1600 010 "3svom JVADV/ MV (10433) viva SIvé
GRNION0D -
Siww -
DR A3 -
SIVIGHM2INL -9
WNOLIYZINYDWO '@
{35vE) ¥:v0 Vd
SOIEIZISNE SN P
SISA B3V W04 NOLIVENILING) Vive P .
FIVWDIV TWMI 0L DMISST R &
HHYIONd 3SO0H- N1 40 35 033InD3 L9113 300:78 e
ONY 1VW00J 90339 315V [-99 W’ s
TSON N1 OXITACHd T8N viviR 9¢61-1461] SL1°6m6"S VL | SIH043¥ SIPNIS 95GD 01 ‘giyn dHATY/D1SY $IGINYS INTT8I4
SISATYNY %04 NO1LY9ND1INGD V1w
JIN0L30v IV 01 DNISSII0N
WAOURS ISNOH-NT 30 IS 0TYInD3
Y 103 530233 J15VR 1-99 Wi W31 39 WilSAS
TR NI 001A0Y) Dy3% VIVl 9L61-1L61] SL1°686°S Jd¥l | SL9043d SIEHIS 9500 0110 *FiviN SHATYFITaY £9 5359313 WIoL
VIO ALTUISYIYT
SISATVIRY %04 NO1iVNOL1IND YL
! IvohIGY 1IBVNI OL INISSIN0HY
WeHOURA JSTON-X1 0 35N gE0h;
o 10 030339 JISYR 1-99 M3 L
TWRICH NI QFAcEd 1am Vivalocet-1c6tf Sc1°6R6°S 141 | st1¥esy SIS 9500 200 AR AT/ INY
N0
SHII00KS 3T L
SISATVIIY W) NO11VID) N0 Vive ¥ HmN
WAV 318VN3 §1 SHISSII0NH] MISIANS
7SHVHDORd ISTION-HT Q351e0Ty
ey S04 0N0I3Y JISYR 1-93 Hiy
TRRION #1 JIIAOND ¥R viv:]9L68-1468 a:.%a.i VL | SHHGdIN STIRIS 9504 oK *Hivan AW/ ISY
SSA TYNY
w23 01NED1IN0D VIV 3idnhiy
IMYNT 0L SHVO0U TSHOI-NT 26
1M 130 UIMIEH3A MY BN
YL LIVAI9IY A D934 QD5 3 , %
I1SVR Wi OFAONS Tt vavol9L61-2361) 00012 ONIESIT | S19043d STINIS 1000 B3y SNIBOY YINHWN sSAM/ITVR] TR FEvaIIivVe oot
SINVWIY “uvir | somonad | {sMuuud 1114 VIV 00 Ty g5 1 s
ST 7T vivi Yivd 40 3dAL 1oi 14201 AMISH/SIINS | YIV0 30 S1THIN/AN0I3EN)

SRR B e s

{p,3u00) XTUivM NOLLVIWAI Viva 1-8 378Vl

F




S1S0D INTAIIINT KY N TA
[onv wuﬂ«.—.w “.—tdﬁm:.w,.&.,__: ‘(SHva %310 -
LML " TNE) AT SSY 1D 0
*{1A31 10430 OGNV ISVA) 1 1D Deaingy SuniL
“IMYNIARIV S04 FaY JINDINE O 160495 QNG -
SHIISAS MMV VSN %03 SHOI W ot-£1 LA WIEIEM -
THINZY1d Oy OMTLWIIST SISO HAV/SUOLIVA SHIN
LW04MNS OV DNEIVELIO SHIATS]  INawf - oo | -ivia aNv 9NLIVNELST | "07 ‘motokiisvm|  waWOv/dvsn bu SIS WINIW 9
SHOLIVI/VIW
413800539 wvEm SIOTEVA JiN1M] Ot
CHILSAS NOJVIN VSN W1) SUDLV _ ol-t¢1
INLHNY D ONV NG 1VH11S) 1S HAV/SHOLIVE OMINi
190405 O INILVEI0 SIaIAu Nsmm) - 15000 | -Wvd gy SNLLvae1sT | 9'a ‘morominsm|  vamav/svsn bu
IALLINEINCYS
15M SV JHISSTI0NE da3 ISV
VL WONVIST STHL 03 0MTAONG| - - - NO11VING3
108 M yivo ML wAwod - - - IINEISNT SHINEVUL
“(UETONI-TZ61) TOPHIAOD Wivl - - - 1IN SasIA 04N/ (DM
AL SINL 30 310J AWOISI V SN - - - FOVAD/ 25 39/ ONVND VIINT) TAMOS
WIINTD 1IRIOSHI ANVIIUIN Ttk 189 OIDISSY UMMM | X1 ‘a3v neoove]  -u3d AWLITIW
gmivien 18 - - - UMito
SHOT1VEIH0 WO
aMIvI®0 Sw 30 ¥ O ive A} avaesn] - - SNOIL¥8140
NG11VI603 -
TR
SHOLIVZIAVIN0 JFNNIINI SINAS I3
L ¥0J YIINID MM AE R0 £012(N) DNINIVEL -
ID00W 1INIVH UTDISSY Q301N X915 1S3R-SIS210 TMINNINI
SISIDI0 IMVNILKIM/ATIINN THI]  9est - (WA | INVHILNIVY A WEZNON L E
IREUSA Ebid
gTaISSY AN
W 6 3006 CTW %31 -
I W w
-HOTLINS A WO G3Tiwalies SSH1:S11 JNLD £ 04V X00W TULIY VL vit %
ML GI0IA084 S, TR £ e - MW1AS1 T A1W0 S0IZTR0HLY | 9 82V GHOKOS M 291 Gazieouiov ¥
SLIN 2251-3]  :VIVO SIJMNOST MW 'S
SEMIN SwysA | sexaan | (s)wuod 114 viva %0 .
TITFATATIAND ¥is Y150 30 34M0 w11v301 AMINZ3IIUN0S § VAV 90 SININI1I/ANCOILV)

(P,3U03) XI¥LVW NOILVATVAI Vive (-8 318yl

§1

[t

P Tt~ by

-

DR ————— . T —— - ¥ o Vel



FHT e T T T R T PR ST TN T T I TG 2

TR T TR VN W T TR AT L i S b el s D e s e

*SHOLAVL
SHIONNS ND 0ISVR 150D AVMYATL: 23GH0 0£-52-00 0"
1100 LIVENEIY TOVHIAV SIOTA LNIHN - WIIHNIL Ve8IV 3O S1500 KINn o110 *tivanl WN/IWY
*INFNNI00 SIHL J0 SNLEINING 3
30 SV GISYI 134 10N SVA MO11WRD
-Nl 9461 A °S{61 A4 HLIN-QIN
~3WI S W3LSAS SENL"SI1w09AL
1500 SNOIYVA AE 150D L0ddr g (4350) %0439 1500
QY SHOTIVE340 20CT-D SICIA0SY  SZ61 A - OHILSET ] 1H04INS ONY DUILVE30] “3°C ..aa....j VIMIV/ VSN ._j
1904408 ¢ SI011WE340 -
MR -
SHILSAS NOYIM SVSQ ¥D3 SWOLIV, o1-g{1 N -
OMINNY I3 GHY ONTLWNISS3 150 WIV/SHOLIVS OKIN
1H044NS WY SNOTIVHIO SIIAON]  INFue - INBINO0G | -NYT ONY SHILVHILISI] “3°0 *NOLDNIHSWY VMN/ SV ..L VAW 1300 L
M CadY 3 L WA
a3V 1N 11 vl b
961 X VN R4V UNOHOOW " 2
HINDH HOYI aNSN0D S,061-) 1N VAVG NOTLJWISNOD S 01~
30 SNOTTVD 40 2ITWON OIT1AON: 254 - (1ng) W S350 Y
SHAILYY WML
Y J9¥ “K1D "L¥04dNS A HNS
SIONTINL SN NON *SIINnULDI
*SIIWOSSIIV  HIDNT ° MY
LAY 300 1IN0 STIw00dL
SOW “HINOW A® SOM NOW/SOW MIHA! (0RE-£41 WiV 434} M wv L TWAY
S NEULIA ABNSNOD WINIIW SITHVINS
VWA SIINUNI0E S TIAIT /R L INMTOVNW JAILND3XI| WV X008 FULLT RYL Mg
HEOW A8 S1500 WINIIW 1DTVI0N 9£,2X S140430 {SoM) W3ISAS
_ 133810 WILSAS NOJVIM 3301A0%] -SZ, WX - AN 1502 INVHIINEYM] WM 93V GYOND ~
3 SLIRN 3061-
3 INMIO00 SINL S0 DHIINING 1)
, 40 SV G3SYITTY LON NOLLVIRIDINY
3 92 A4 "SL6L AJ L[N Sh..wa::_
SR W3IESAS 3L SITHOBIALY.
: 1503 SNOT¥VA AS 1503 1¥0ddAS (4350) 190439 1502 X
m. OW NI IVE340 J0C1-D SIOIAQHY  SL61 Ad - DHILSTT | [HOJHIS ORV DHIIVHII0] "D°0 “ROLDNINSWN]  VOWOV/4vsn i.:&: SNN0S “WINILW ¢
SR SHVIA | sonddd | (S)wmod RNERJVIR ) S
w TITW/ATI LD VIVG Y1vD 9 0A1 NOP1iv20l AMMISY/SIEN0S | vive 30 SINMINI/ANGINYD
w‘ (P,3U0D) XIHIWW NOLLVATVAI ViING L-8 J7dvL

e —




T T T I R SRR

St aalecc b ol ot bt T TR

T

T TR

" LAV
NO SHILSAS TIV 10 SISDD TW1D
N4V 0F AXMISIG 1OM
11 3SMWI39 321 404 930
10 1118 11 “oNBYed 350
01 40t il MWIWILI0 01 ront
SINL H1 935N U3t YIVQ SISO
1500 341 SPIVIS 03193115
QY SEVWRIVH NOILVOE 100N
INB4INDI 1904005 oMY 3y
QIO DML 10N S1S0D  ALIIAY
~TIVAV OWV A134VS SV MONS VIVO
YMLO SHIVINGD OSW k1 "15D)
INISAIHS/MIIVIIVY ONY 1507
WINUW/SMYES 1502 A1IATIOY
AT 9IZAVIIS *S1S0D
. UNOINW 01313 SIGIA0¥ 11
Q01834 NIA19 vV O3 {O0m) Wall

IS ¥ AUNS TNV *NIVINEW

*¥IvdIe 0L 1560 30 IAWIISI
N J0IAQNd 0L OMDISID I4v

WILSAS (1501/5081) 7]
S190dN {1501/5041) INIINYY 9261 S1¥04 M ONENVE 1500 | ‘agv vnamM pansely
N A z ¢ BESFINS
1562 18044nS 311S1991 ML €261 AT314vD 190dans 51151901 H) ‘afvan WRVIN
*Q31S17 SAINN 00221 W M 03V 3404 Pl
€ L NI AW SV QIMIVIED SI1INES By
WOLIVMI0M] 118N TNCTATONI NN IALINDIXD | w4V Xode N L TS
HIV3 AN 1I3410M1 oW LDFIG)  9¢-930 SIN0d (SH) WilSAS
S1S00 WILSAS NOdYIN SIOMAONI] -SZ, W - AWtINOH 1503 INWNIENIW | w5 “S2Y GuoHION w2
' SHINN 20683
*g31S17 S1IVIINDD 1SOW %04 03
LI ST MIVA I LIVHINDD
WAGTALGML  "NOTIVI1 WdY 3061-D
30004 ¥1¥ 21310345 1IN
S1IVUINDD TNOS  ° LAVEDNIY OEL-D
MY ASKIVIY SIT¥09ILVD 120008d
AN SIIVYIR0D TNOTAIONE 0INL NOLLVWIOIN] 1500 N1 NVAI YRS .
ALTTINISIA WOINOISTH mS.S&ﬂS.-~§ - ONEISIT | /SLOVHIW0D 3SM3SN0 AN 3903 MM ow 15539 f2u03) viva 1532 ¢
SHawHIY SUVIA 1 sowoow | (S)Huwo) INJ vivo %0 MY T2£29053
: ST TU7ALT LD ViV ViVa 20 3401 No11vI01 ANTIY/SIIW0S | VIVE R) TIMT BN
; (P,3u0)) XIUiVH NOIIVATVAI VIVO L-8 318Vi
g
L
ot
.
v e -




APPENDIX C

CACE (FLEET) MODEL EQUATIONS
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